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(54) A separate type photoelectric detector 

(57) A tolerance-level display portion 12 is provided 
in a casing 11 of a head 1 of a photoelectric switch. A 
light reception signal output from the head 1 is transmit- 
ted through a cable 31b of a main body 2. The casing 
21 of the main body 2 contains a received light amount 
display portion 22, a tolerance-level display portion 24, 
adjust switches 28 and setting switches 29. The CPU In 
the main body 2 calculates a ratio of a light reception 



signal to a threshold value to obtain a tolerance level, 
and applies a control signal corresponding to the ob- 
tained tolerance level to a variable power supply circuit. 
The variable power supply circuit applies a variable volt- 
age, which is dependent on the control signal, through 
a cable. 31 a to the head 1 . The tolerance-level display 
portion 12 of the head 1 displays a tolerance level on 
the basis of the variable voltage by turning on the toler- 
ance-level display LEDs 12a, 12b and 12c. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001 ] The present invention relates to a photoefectric 
switch of the separate type, which Is formed with a head 
and a main body, for detecting an object in a predeter- 
mined detection area. 

2. Description of the Related Art 

[0002] Photoelectric switches have been used for de- 
tecting objects in production lines of factory. The photo- 
electric switch projects light to Within a predetermined 
detection area, receives light returned from an object, 
and determines whether or not an object to be detected 
is present within the detection area by receiving light re- 
turned from the object. 

[0003] In the photoelectric switch of the transmission 
type, when an object to be detected does not exist within 
a detection area, light projected from a light projecting 
section enters a light receiving section. In this case, 
when a level of the amount of received light in the tight 
receiving section is lower than a predetermined thresh- 
old value, it is determined that an object to be detected 
is present there. In the photoelectric switch of the reflec- 
tion type, when an object to be detected is present, light 
projected from the light projecting section is reflected by 
the object and enters the light receiving section. In this 
case, when a level of the amount of received light in the 
light receiving section exceeds a predetermined thresh- 
old value, it Is determined that the object is present 
there. A sensitivity of the photoelectric switch is adjusted 
by varying the threshold value. 

[0004] One of those photoelectric switches is of the 
separate type in which the photoelectric switch is sepa- 
rated into a head and a main body. The head contains 
mainly a light projecting section for projecting light and 
a light receiving section for receiving light returned from 
an object to be detected. The main body contains mainly 
a control unit for controlling the light projecting section 
and the light receiving section, and a power supply cir- 
cuit. Further, it contains a display unit for displaying the 
amount of the received light In the head and a threshold 
value, and a switch for adjusting the threshold value. 
The display unit of the main body displays a tolerance 
level of the light-receiving amount with respect to the 
threshold value. 

[0005] The photoelectric switch of the separate type 
may be used such that when a broad space does not 
exist near the object to be detected, only the head is 
located near the object while the main body is located 
farther from the object. 

[0006] 1 n installing the photoelectric switch of the sep- 
arate, reflection type, to prevent noise from giving rise 
to error, a position of the head must be adjusted, for ex- 
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ample, in such a manner that when an object to be de- 
tected exists within the detection area, the light-receiv- 
ing amount is sufficiently high with respect to the thresh- 
old value, and when the object does not exist within the 

5 detection area, the light-receiving amount is sufficiently 
low with respect to the threshold value. 
[0007] In this type of the photoelectric switch , howev- 
er, when the main body is located far from the head, it 
is impossible that the operator adjusts the head position 

10 while checking a display by the display portion In the 
main body. This makes it difficult to accurately adjust the 
head position and Impairs workability in adjusting the 
head position. 

15 SUMMARY OF THE INVENTION 

[0008] Accordingly, an object of the present invention 
is to provide a photoelectric switch of the separate type 
which can accurately and easily check information on a 

20 process carried out in the main body even when the 
main body Is located far from the head. 
[0009] Another object of the present Invention is to 
provide a photoelectric switch of the separate type 
which can accurately and easily adjust a position of the 

25 head even when the. main body is located far from the 
head. 

[0010] These objects can be achieved by a photoe- 
lectric switch of the separate type, according to a first 
aspect of the present invention, which projects light to 

30 a detection area and detects the presence or absence 
of an object to be detected within the detection area by 
receiving light-returned from the detection area. The 
photoelectric switch comprises: a head that includes at 
least a light receiver for outputting a light reception sig- 

35 nal based on a light receiving state of light returned from 
the detection area; and a main body, connected to the 
head by a signal line, for receiving a light reception sig- 
nal output from the light receiver through the signal line. 
In the photoelectric switch the main body includes a 

40 processor for detecting the presence or absence of an 
object to be detected within the detection area by use 
of the light reception signal received through the signal 
line from the head, and the head includes an indicator 
for displaying infonnation on the process carried out by 

45 the processor by the main body. The Information on the 
process carried out by the processor is infonnation re- 
garding the detection of the presence of the object ex- 
ecuted by the processor. 

[001 1 ] In the photoelectric switch of the invention, the 
50 light receiving section of the head outputs a light recep- 
tion signal based on a light receiving state of light re- 
turned from the detection area, and the light reception 
signal is applied through the signal line to the main body. 
In the main body, the processor detects the presence or 
55 absence of an object to be detected within the detection 
area by use of the light reception signal received through 
the signal line from the head. In the head, the indicator 
displays infonnation on the process carried out by the 
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processor in the main body. 

[0012] Thus, the indicator of the head displays infor- 
mation on the process in the main body. Therefore, 
when the main body is located farther from the head, 
the operator/user checl<s information on the process by 
the processor while watching a display by the Indicator 
of the head. 

[0013] In the photoelectric switch of the invention, it 
is preferable that the processor includes: a generatorfor 
producing a process signal based on a light reception 
signal, which is received from the head through the sig- 
nal line in order to detect the presence or absence of an 
object to be detected within the detection area; a setting 
unit for setting a reference value used for determining if 
the object to be detected is present within the detection 
area; a detecting unit for determining if the object to be 
detected Is present within the detection area by compar- 
ing a process signal produced by the generator with a 
reference value set by the setting unit; and a calculator 
for calculating a relative value of the process signal pro- 
duced by the generator to the reference value set by the 
setting unit in the form of a tolerance level, wherein an 
indicator displays a tolerance level calculated by the cal- 
culator as information on the process by the processor. 
[0014] In this case, in the main body, the generator 
produces a process signal based on a light reception 
signal, which is received from the head through the sig- 
nal line in order to detect the presence or absence of an 
object to be detected within the detection area. The set- 
ting unit sets a reference value used for determining 
whether or not the object to be detected is present within 
the detection area. The detecting unit detemiines if the 
object to be detected is present within the detection area 
by comparing the process signal produced by the gen- 
erator with the reference value set by the setting unit. 
The calculator calculates the relative value of the proc- 
ess signal produced by the generator to the reference 
value set by the setting unit in the fomn of a tolerance 
level. In the head, the indicator displays a tolerance level 
thus calculated by the calculator as infomiation on the 
process by the processor. 

[0015] Thus, the tolerance level is displayed by the 
indicator of the head. Therefore, even when the main 
body is installed at a position located far from the head, 
the operator/user may adjust a position of the head while 
watching a display by the indicator of the head. Accord- 
ingly, the operator/user can accurately and easily adjust 
a position of the head so that a tolerance level is suffi- 
ciently large. Further, workability in adjusting the head 
position is improved. The operator/user checks if the 
photoelectric switch stably performs an object detecting 
operation by watching a display on the head. 
[0016] Further, in the photoelectric switch of the in- 
vention, it is also preferable that the main body further 
includes a display unit for displaying at least one of a 
process signal produced by the generator, a reference 
value set by the setting unit, and a tolerance level cal- 
culated by the calculator. 



[0017] In this case, In the main body, at least one of 
the process signal, the reference value and the toler- 
ance level is displayed by the display unit. Therefore, 
the operator/user may recognize the process signal, the 

5 reference value or the tolerance level in an easy manner 
by the display unit of the main body. 
[0018] Furthermore, in the photoelectric switch of the 
invention, it is further preferable that the main body fur- 
ther includes a power supply circuit which is connected 

10 to the head by a power line, and supplies a voltage 
based on the tolerance level calculated by the calculator 
as a power voltage, for driving the head, to the head by 
way of the power line, and the indicator displays the tol- 
erance level calculated by the calculator of the main 

15 body on the basis of the voltage supplied through the 
power line from the main body. 

[001 9] In this case, the voltage based on the tolerance 
level calculated by the calculator of the main body is ap- 
plied as the voltage for driving the head to the head by 

20 way of the power line. The tolerance level is displayed 
by the indicator, on the basis of the supplied voltage. 
Therefore, a single line is common to the power line for 
supplying the powervoltage for driving the head and the 
signal line for transmitting the tolerance level. As a re- 

25 suit, the increase of the number of signal lines, caused 
by the display of the tolerance level in the head, is re- 
stricted. 

[0020] Further, in the photoelectric switches of the In- 
vention, it Is more preferable that the head further in- 
30 dudes a light projector for projecting light to the detec- 
tion area. 

[0021] In this case, the light projector of the head 
projects light to the detection area, and the light receiv- 
ing section of the head receives light retumed from said 

35 detection area. 

[0022] The above-mentioned object can be achieved 
by a photoelectric switch of the separate type, according 
to a second aspect of the present Invention, for detecting 
an object to be detected in a detection area in a manner 

40 such that the photoelectric switch projects light to the 
detection area and receives light returned from the de- 
tection area. The photoelectric switch comprises: a 
head that includes a light projector for projecting light to 
within the detection area and a light receiver for output- 

45 ting a light reception signal based on a light receiving 
state of light retumed from the detection area; and a 
main body, connected to the head by a signal line and 
a power line, for receiving a light reception signal output 
from the light receiver through the signal line. In the pho- 

50 toelectric switch the main body includes a processor for 
detecting the presence or absence of an object to be 
detected within the detection area by use of a light re- 
ception signal received through the signal line from the 
head, and a power supply circuit for supplying a voltage 

55 representative of information on an operation of the 
head as a powervoltage for driving the head to the head 
by way of the power tine, and the head includes an op- 
erating portion for performing a predetermined opera- 
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tion in accordance with the information represented by 
the voltage supplied from the main body through the 
power line. 

[0023] In the photoelectric switch of the Invention, a 
light receiver of the head outputs a light reception signal 
based on a light receiving state of light returned from the 
detection area. In the main body, a processor detects 
the presence or absence of an object to be detected 
within the detection area by use of a light reception sig- 
nal received through the signal line from the head. Fur- 
ther, a voltage representative of information on an op- 
eration of the head is supplied, as a power voltage for 
driving the head, to the head by way of the power line. 
In the head, a predetemnined operation is performed in 
accordance with the information represented by the volt- 
age supplied from the main body through the power line 
by an operating portion. 

[0024] Thus, a single line is common to the power line 
for supplying the power voltage for driving the head and 
the signal line for transmitting the information of the op- 
eration of the head. As a result, the increase of the 
number of signal lines, caused by the information on the 
head operation to the head, is restricted. 
[0025] In the photoelectric switch of the invention, it 
is preferably advantageous that the information on the 
operation of the head includes information on the proc- 
ess by the processor, and the operating portion includes 
an indicator for displaying the information on the proc- 
ess by the processor of the main body on the basis of 
the voltage supplied from the main body through the 
power line. The information on the process by the proc- 
essor is information regarding the detection of the pres- 
ence of the object executed by the processor. 
[0026] In this case, the voltage representative of the 
infomiation on the process by the processor is applied 
as the powervoltage for driving the head and is supplied 
through the power line to the head. In the head, the in- 
fomriation on the process by said processor of the main 
body is displayed by the indicator on the basis of the 
voltage supplied from the main body through the power 
line. 

[0027] Thus, a single line Is common to the power line 
for supplying the power voltage for driving the head and 
the signal line for transmitting the tolerance level. As a 
result, the increase of the number of signal lines, caused 
by the display of the information on the process by the 
processor, is restricted. 

[0028] In the above-mentioned photoelectric switch of 
the Invention, it is further advantageous that the indica- 
tor displays information on the processing by the proc- 
essor in terms of a numerical value. 
[0029] In this case, information on the processing by 
the processor of the main body is displayed in terms of 
a numerical value by the indicator of the head. There- 
fore, the information on the processing by the processor 
of the main body may easily be checked on the display 
in the head. 



BRIEF DESCRIPTION OF THE DRAWINGS 
[0030] 

5 Fig. 1 is a perspective view showing an external ap- 

pearance of a photoelectric switch of the separate 
type according to a first embodiment of the present 
invention; 

Fig. 2 is a block diagram showing an electrical ar- 
10 rangement of the photoelectric switch of the sepa- 
rate type shown In Fig. 1 ; 

Figs. 3A - 3B are respectively diagrams according 
to a judging process by use of a light reception sig- 
nal and a threshold value; 

Fig. 4 is a circuit diagram showing an electrical ar- 
rangement of the LED driving circuit in the head of 
Fig- 2; 

Fig. 5 is a diagram showing a major portion of a 
head of the photoelectric switch of the triangular dis- 
tance measuring type according to a second em- 
bodiment of the present invention; 
Figs. 6A - 6B are respectively diagrams according 
to a judging process by use of a light reception sig- 
nal and a threshold value. 

Fig. 7 is a perspective view showing an external ap- 
pearance of a head of a photoelectric switch of the 
separate type according to a third embodiment of 
the present invention; 

Fig. 8 is a block diagram showing an electrical ar- 
rangement of a photoelectric switch of the separate 
type shown in Fig. 7; 

Fig. 9 is a block diagram showing an electrical ar- 
rangement of a photoelectric switch of the separate 
type according to a fourth embodiment of the Inven- 
tion; 

Fig. 1 0 is a circuit diagram showing an electrical ar- 
rangement including the light receiving circuit and 
the gain select circuit shown in Fig. 9; 
Fig. 11 is a block diagram showing an electrical ar- 
rangement of a photoelectric switch of the separate 
type according to a fifth embodiment of the present 
invention; and 

Fig. 1 2 is a circuit diagram showing an electrical ar- 
rangement including the laser drive circuit and the 
light-emitting amount select circuit shown In Fig. 11 . 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0031] Fig. 1 is a perspective view showing an exter- 
nal appearance of a photoelectric switch of the separate 
type according to a first embodiment of the present in- 
vention. The photoelectric switch shown in Fig. 1 is of 
the reflection type. 

[0032] As shown in Fig. 1 , the photoelectric switch of 
the separate type has a head 1 and a main body 2. The 
head 1 and the main body 2 are interconnected by ca- 
bles 31a and 31b. 
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[0033] A casing 1 1 of the head 1 contains a light pro- 
jecting section for projecting laser light onto an object to 
be detected and a light receiving section for receiving 
light reflected from the object. A tolerance-level display 
portion 12 and a laser indication lamp 13 are provided 
on the upper surface of the casing 11. The tolerance- 
level display portion 12 includes three tolerance-level 
display LEDs (photo diodes) 12a, 12b, and 12c, and dis- 
plays a tolerance level to be described later. The laser 
indication lamp 13 indicates whether a laser diode of the 
light projecting section light is on or off. 
[0034] A received light amount display portion 22, a 
threshold-value display portion 23, a tolerance-level dis- 
play portion 24, a laser indication lamp 25, operation in- 
dication lamps 26A, 26B. channel indication lamps 27A, 
27B. adjust switches 28 and a setting switch 29 are pro- 
video on the lop surface of a casing 21 of the main body 
2. 

[0035] In the pholoelectric switch of this embodiment, 
two threshold values may be set. Two channels "A" and 
"B" are provided con-esponding to those threshold val- 
ues, respectively The channel indication lamps 27A and 
278 arc provided corresponding to those channels "A" 
and "B". respectively When the channel "A" is selected, 
the channel indication lamp 27A light is on, and when 
the channo? ^B" is selected, the channel indication lamp 
27B light is on 

[0036] The operation indication lamps 26A and 268 
are provided corresponding to the channels "A" and "B", 
respcctrvely When the channel "A" is selected, the op- 
eration indication lamp 26A light is either on or off to 
show whether or not an object to be detected is present 
withm a detection area. When the channel "B" Is select- 
ed, the operation indication lamp 26B light is either on 
or off to show whether or not the object is present within 
the detection area. The laser indication lamp 25 indi- 
cates whether a laser diode of the head 1 is on or off. 
[0037] The received light amount display portion 22 is 
fonned with four 7-segment LEDs, and displays the 
amount of light received by the head 1 in tenns of a nu- 
merical value. The threshold-value display portion 23 is 
fonned with 7-segment LEDs, and displays a threshold 
value in tenns of a numerical value. The tolerance-level 
display ponion 24 includes a linear array of a plurality 
of LEDs. and displays a tolerance level in a bar-graph 
fashion. In the embodiment, the tolerance level is ex- 
pressed in terms of a ratio of the amount of received 
light to the threshold value. 

[0038] The adjust switches 28 are provided for adjust- 
ing a threshold value displayed in the threshold-value 
display portion 23. The setting switches 29 are provided 
for setting the threshold value. When the setting switch- 
es 29 are depressed in a state wherein an object to be 
detected is present within the detection area, and then 
are depressed again in a state wherein the object Is ab- 
sent within the detection area, the threshold value is au- 
tomatically adjusted to be an intermediate level between 
the received light amounts when the object is present 
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and absent within the detection area. 
[0039] The thus set threshold value is displayed by 
the threshold-value display portion 23. After the thresh- 
old value displayed by the threshold-value display por- 

5 tion 23 is adjusted by use of the adjust switches 28. the 
threshold value adjusted is set as a new threshold value. 
[0040] An output cable 30 is connected to the endface 
of the casing 21 of the main body 2. The output cable 
30 produces a signal representative of the result of de- 

10 tecting to Indicate whether or not an object to be detect- 
ed is present within the detection area. 
[0041] Fig. 2 is a block diagram showing an electrical 
arrangement of the photoelectric switch of the separate 
type shown in Fig. 1 . Fig, 3 is a diagram useful in ex- 

is plaining a judging process by use of a light reception 
signal and the threshold value. 

[0042] The head 1 includes a laser drive circuit 101 , 
a laser diode 102, a photo diode for monitoring 103, a 
photo diode 104, a light receiving circuit 105, a fixed 
20 power supply circuit 1 06 and an LED driving circuit 1 07. 
A light projecting section is composed of the laser drive 
circuit 1 01 , the laser diode 1 02 and the photo diode 1 03. 
A light receiving section is composed of the photo diode 
104 and the light receiving circuit 105. The LED driving 
25 circuit 1 07 includes a tolerance-level display portion 12. 
[0043] The main body 2 is composed of a CPU (cen- 
tral processing unit) 201 , a display unit 202, an operation 
unit 203, a variable power supply circuit 204, a transistor 
205, an amplifier 206, an A/D (analog to digital) convert- 
so er 207, and an output circuit 208. 

[0044] The display unit 202 includes the received light 
amount display portion 22, the threshold-value display 
portion 23, the tolerance-level display portion 24, the la- 
ser indication lamp 25, the operation indication lamp 
35 26A and 26B, and the channel indication lamp 27A and 
278 shown in Fig. 1 . The operation unit 203 includes the 
adjust switches 28 and the setting switch 29 shown in 
Fig. 1. 

[0045] The CPU 201 of the main body 2 applies a 
40 pulse signal PLS for controlling the tum-on/off of the la- 
ser diode 1 02 in the head 1 to the base of the transistor 
205. The transistor 205 is turned on and off in response 
to the pulse signal PLS. The collector of the transistor 
205 IS CO n n ected to th e laser drive circu it 1 0 1 of th e h ead 
45 1 by way of the cable 31 a. With the connection, the laser 
drive circuit 101 drives the laser diode 1 02 in response 
to the pulse signal PLS output from the CPU 201 , 
[0046] When the laser diode 1 02 Is turned on, it emitts 
a laser beam to a detection area. The monitor photo di- 
50 ode 103 is provided for monitoring the amount of light 
of the laser beam emitted from the laser diode 1 02. 
[0047] When an object to be detected 500 is present 
within the detection area, light reflected on the object 
500 is received by the photo diode 1 04. The light receiv- 
es ing circuit 105 outputs an analog light reception signal 
RS corresponding to the amount of light received by the 
photo diode 104. The light reception signal RS output 
from the light receiving circuit 1 05 is applied to the main 
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body 2 by way of the cable 31b. 
[0048] The amplifier 206 In the main body 2 amplifies 
a light reception signal RS output from the light receiving 
circuit 1 05. The A/D converter 207 converts the light re- 
ception signal RS amplified by the amplifier 206, and 
applies It as a digital light reception signal LS to the CPU 
201. 

[0049] A threshold value TH is set in advance in the 
CPU 201 by operating the setting switch 29 and adjust 
switches 28 in the operation unit 203. The CPU 201 
compares a signal level of the light reception signal LS 
received from the A/D converter 207 with a threshold 
value TH. The CPU detects the presence or absence of 
the object 500 within the detection area, and outputs a 
detect signal DT representative of the detection result, 
through the output circuit 208, from the output cable 30 
shown in Fig. 1 . 

[0050] When the signal level LV of the light reception 
signal LS is higher than the threshold valueTH as shown 
in Fig. 3A, the CPU determines that the object 500 is 
present within the detection area. When the signal level 
LV of the light reception signal LS is lower than the 
threshold valueTH as shown in Fig. SB, the CPU deter- 
mines that the object 500 is absent from the detection 
area. 

[0051] The CPU 201 calculates a ratio of the signal, 
level LV of the light reception signal LS to the threshold 
value TH, thereby obtaining a tolerance level. In the 
case of Fig. 3 A, the tolerance level is larger than 1. In 
the case of the Fig. 3B, the tolerance level is smaller 
than 1 . 

[0052] The CPU 201 applies a control signal DP, cor- 
responding to the calculated tolerance level, to the var- 
iable power supply circuit 204. The variable power sup- 
ply circuit 204 supplies a variable voltage VA, corre- 
sponding to the control signal DP, to the head 1 via the 
cable 31a. When the tolerance level is larger than 1 , the 
level of the variable voltage VA lowers, and when the 
tolerance level is smaller than 1 , the level of the variable 
voltage VA Increases. Thus, the level of the variable volt- 
age VA represents the tolerance level. 
[0053] The variable voltage VA is applied to the laser 
drive circuit 1 01 , the fixed power supply circuit 1 06, and 
the LED driving circuit 1 07 in the head 1 . The fixed pow- 
er supply circuit 1 06 receives a variable voltage VA, and 
applies a reference voltage Vref to the laser drive circuit 
101 , the light receiving circuit 105, and the LED driving 
circuit 107. The laser drive circuit 101 controls the 
amount of light emitted by the laser diode 1 02 in accord- 
ance with a current flowing through the photo diode 103. 
The amount of light emitted by the laser diode 102 is 
invariable irrespective of the level of the variable voltage 
VA. 

[0054] The LED driving circuit 107, as will be de- 
scribed later, turns on or off the tolerance-level display 
LEDs 1 2a, 1 2b and 1 2c of Fig. 1 in accordance with the 
level of the variable voltage VA. 
[0055] In the embodiment, the photo diode 104 and 
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the light receiving circuit 1 05 correspond to a light re- 
ceiver; and the CPU 20 1 , the operation unit 203 and the 
A/D converter 207 correspond to a processor. The A/D 
converter 207 corresponds to a generator; the CPU 201 

5 and the operation unit 203 correspond to a setting unit; 
the CPU 201 corresponds to a detecting unit and a cal- 
culator. The tolerance-level display portion 12 corre- 
sponds to an indicator; and the display unit 202 corre- 
sponds to a display unit. The laser drive circuit 101 and 

10 the laser diode 1 02 con'espond to a light projector; the 
cable 31 a corresponds to a power line; and the cable 
31 b con-esponds to a signal line. The LED driving circuit 
107 and the tolerance-level display portion 12 corre- 
spond to an operating portion. The tolerance level cor- 

is responds to information regarding the detection of the 
object executed by the processor; the light reception sig- 
nal LS corresponds to a process signal; and the thresh- 
old value TH corresponds to a reference value. 
[0056] Fig. 4 is a circuit diagram showing an electrical 

20 arrangement of the LED driving circuit 1 07 shown in Fig. 
2. As shown in Fig. 4. the LED driving circuit 107 in- 
cludes resistors R1, R2, R3, R4, R11, R12 and R13, 
comparators 111, 112 and 113, and tolerance-level dis- 
play LEDs 12a, 12b and 12c. 

2S [0057] Resistors R1 , R2, R3 and R4 are connected in 
series to between a power source tenninal NV for re- 
ceiving a variable voltage VA and a ground terminal. 
One of the input terminals of the comparator 1 11 is con- 
nected to a node N1 between the resistors R1 and R2; 

30 one of the input terminals of the comparator 1 1 2 is con- 
nected to a node N2 between the resistors R2 and R3; 
and one of the input terminals of the comparator 113 is 
connected to a node N3 between the resistors R3 and 
R4. 

35 [0058] The other input terminals of the comparators 
1 1 1 to 1 1 3 are connected to a power source tenninai NR 
for receiving a reference voltage Vref. The output termi- 
nal of the comparator 111 is connected to the power 
source terminal NR by way of the tolerance-level display 

40 LED 12c and the resistor R11. The output terminal of 
the comparator 112 is connected to the power source 
terminal NR by way of the tolerance-level display LED 
12b and the resistor R12. The output terminal of the 
comparator 113 is connected to the power source ter- 

45 minal NR by way of the tolerance-level display LED 1 2a 
and the resistor R1 3. 

[0059] The comparators 111 to 113 compare poten- 
tials at the nodes N1 to N3 with the reference voltage 
Vref, respectively. 

50 [0060] When the variable voltage VA drops to a first 
level as the lowest level or lower than the first level, and 
the potentials at the nodes N1 to N3 drop below the ref- 
erence voltage Vref, the output signals of the compara- 
tors 111 to 113 are set low in logic level. Accordingly, 

55 current flows through the tolerance-level display LEDs 
12a to 12c, so that those LEDs are turned on. 
[0061] When the variable voltage VA drops to a sec- 
ond level, which is higherthan the first level andthesec- 
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ond low level in the ascending order, and the potentials 
at the nodes N2 and N3 are both below the reference 
voltage Vref, the output signals of the comparators 112 
and 113 are set low in logic level. Accordingly, current 
flows through the tolerance-level display LEDs 12a and 
12b, so that those LEDs are turned on. 
[0062] When the variable voltage VA drops to a third 
level, which Is higher than the second level and the third 
low level In the ascending order, and the potential at the 
node N3 Is below the reference voltage Vref, the output 
signal of the comparator 113 is set low in logic level. Ac- 
cordingly, current flows through the tolerance-level dis- 
play LED 12a, so that the LED Is turned on. 
[0063] When the variable voltage VA exceeds the 
third level and the potential at the node N3 increases 
above the reference voltage Vref, the output signals of 
the comparators 1 1 1 to 1 1 3 are set all high in logic level. 
As a result, the tolerance-level display LEDs 12a to 12c 
are not turned on. 

[0064] Thus, for example, when the tolerance level is 
1.1 (11 0%) or larger, three tolerance-level display LEDs 
12a to 12c are turned on. When the tolerance level is 
within a range from 1 (100%) to a value of smaller than 
1.1 (110%), two tolerance-level display LEDs 12a and 
12b are turned on. When the tolerance level is within a 
range from 0.9 (90%) to a value of smaller than 1 
(100%), one tolerance-level display LED 12a is turned 
on. When the tolerance level Is smaller than 0.9 (90%), 
the tolerance-level display LEDs 12a to 12c are all 
turned off. 

[0065] In particular, when the tolerance level is high 
and those three tolerance-level display LEDs 1 2a to 1 2c 
are turned on, the voltage level of the variable voltage 
VA is the lowest. Therefore, the amount of heat gener- 
ated in the head 1 when it stably detects the object to 
be detected is small. This prevents deterioration of the 
perfonnances of the laser diode 102 due to the heat. 
[0066] In the photoelectric switch of the embodiment 
of Fig. 1 , a tolerance level is displayed by the tolerance- 
level display portion 12 of the head 1 . Accordingly, the 
operator can adjust a position of the head 1 while watch- 
ing a display by the tolerance-level display portion 12 of 
the head 1 . Therefore, the operator can accurately and 
easily make a position adjustment of the head 1 so that 
when an object to be detected 500 is present within the 
detection area, the tolerance level Is sufficiently larger 
than "1 ", and so that when an object to be detected 500 
is present within the detection area, the tolerance level 
is sufficiently smaller than "1 ". Further, workability is im- 
proved in the position adjusting of the head 1. 
[0067] Since the tolerance level is displayed in the 
main body 2 of the head 1 , the operator can easily check 
if the photoelectric switch perfonns a stable object de- 
tecting operation without watching the display by the 
main body 2. 

[0068] A tolerance level calculated by the CPU 201 of 
the main body 2 is transmitted to the head 1 by the var- 
iable voltage VA used as the power voltage to the head 



1 . Therefore, there is no need of using the signal line for 
the tolerance level transmission. And hence the in- 
crease of the number of cables caused by the display 
of the tolerance level by the head 1 is restricted. 
s [0069] In the embodiment, the tolerance level is ex- 
pressed in terms of a ratio of the signal level LV of the 
amount of received light to the threshold value TH. The 
tolerance level may also be expressed in the form of a 
difference between the signal level LV of the amount of 

10 received light and the threshold value TH. 

[0070] In the photoelectric switch of the embodiment 
of Fig . 1 , the laser diode 1 02 is used for the light emitting 
element of the light projecting section. If required, an 
LED may be used for the light emitting element. 

15 [0071] In the photoelectric switch of the embodiment, 
the main body 2 includes a received light amount display 
portion 22. the threshold-value display portion 23 and 
the tolerance-level display portion 24. Alternatively, the 
main body 2 may include the received light amount dis- 

20 play portion 22 and threshold-value display portion 23 
or it may include the threshold-value display portion 23 
and the tolerance-level display portion 24, 
[0072] Also in the photoelectric switch of the embod- 
iment, the tolerance-level display portion 12 displays a 

25 tolerance level in a bar graph fashion by use of the plu- 
rality of the tolerance-level display LEDs 12a, 12b and 
1 2c. Alternatively, it may be displayed in a numerical val- 
ue by the tolerance-level display portion. 
[0073] Further, the photoelectric switch discussed In 

30 the embodiment mentioned above is of the reflection 
type, but it may be of the transmission type. In this case, 
the head 1 of Fig. 2 is separated into a light projection 
head and a light receiving head. The light projection 
head includes the laser drive circuit 101 and the laser 

35 diode 1 02, and the light receiving head includes a photo 
diode 1 04, the light receiving circuit 1 05, the fixed power 
supply circuit 106, and the LED driving circuit 107, and 
further includes the tolerance-level display portion 12 of 
Fig. 1 . The light projection head may also include the 

40 tolerance-level display portion 12. 

[0074] The present invention may be applied to a pho- 
toelectric switch of atriangular distance measuring type, 
which is based on the principle of the triangulation. The 
photoelectric switch of the triangular distance measur- 

^5 ing type will be described. 

[0075] Fig. 5 Is a diagram showing a major portion of 
a head of the photoelectric switch of the triangular dis- 
tance measuring type according to a second embodi- 
ment of the present invention. 

so [0076] In Fig. 5, a head 800 includes an LED 801 , a 
light projection lens 802, a light receiving lens 803 and 
a PSD (photo position detecting element) 804. The head 
800 is also provided with the tolerance-level display por- 
tion 12 shown in Fig. 1 (not shown in Fig. 5). 

55 [0077] Light emitted from the LED 801 is projected on- 
to an object to be detected 900 through the light projec- 
tion lens 802. Light reflected from the object 900 is re- 
ceived as a light spot on the light receiving surface of 
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the PSD 804, through the light receiving lens 803. 
[0078] A position of the light spot on the light receiving 
surface of the PSD 804 moves depending on a distance 
between the head 800 and the object 900. When the 
object 900 nnoves toward the head 800, the light spot is 
formed at a position on one end (first end) el of the light 
receiving surface of the PSD 804. When it moves away 
from the head 800, the light spot is formed at a position 
on the other end (second end) e2 of the light receiving 
surface. 

[0079] The PSD 804 outputs two light reception sig- 
nals N and F corresponding to the positions of the light 
spot on the light receiving surface. The light reception 
signal N has a signal level (current value) proportional 
to a distance from the first end el of the light receiving 
surface of the PSD 804 to the light spot landing thereon. 
The tight reception signal F has a signal level (cun-ent 
value) proportional to a distance from the second end 
e2 of the light receiving surface of the PSD 804 to the 
light spot landing thereon. Accordingly, a distance from 
the head 800 to the object 900 can be measured by use 
of two light reception signals N and F. 
[0080] The detection area is a range along the optical 
axis of the emitting light from the LED 801. When an 
object to be detected exists within this range, light re- 
flected from the object is incident on the light receiving 
surface of tnc PSD 804. A predetermined position ST is 
set within the detection area. A sub-area closer to the 
head 800 with respect to the predetermined position ST 
is a detectable range. A sub-area farther from the head 
800 with respect to the predetermined position ST Is a 
non-detectable range. When the PSD 804 receives re- 
flecting bght from the detectable range, the head 800 of 
the photoelectric switch determines that an object to be 
detected 900 exists. 

[0081] Figs. 6A and 6B are respectively diagrams for 
explaining a judging process by use of the light reception 
signals N and F output from the PSD 804. 
[0082] A difference (N - F) of the light reception sig- 
nals |SJ and F corresponds to a position of the object 900 
within the detection area. In an actual judging process, 
the signal difference (N - F) is normalized by dividing it 
by (N + F) corresponding to the total amount of received 
light, to thereby obtain a position signal (N - F)/(N + F). 
This position signal is used as position Information rep- 
resentative of a position of the object 900 in the detec- 
tion area. 

[0083] As shown in Fig. 6A, when the signal level LV 
of the position signal is higher than the threshold value 
TH, it is determined that the object 900 exists in the de- 
tectable range. As shown In Fig. 6B, when the signal 
level LV of the position signal is lower than the threshold 
value TH, it Is determined that the object 900 does not 
exist in the detectable range. The setting position ST 
within the detection area may be moved by adjusting the 
threshold value TH. 

[0084] In the photoelectric switch of Fig. 5, a ratio of 
the signal level LV to the threshold value TH is a toler- 



ance level. In the case of Fig. 6A, the tolerance level is 
expressed by a value larger than "1". In the case of Fig. 
6B, the tolerance level is expressed by a value smaller 
than "1". When the object 900 is present at a position 
5 sufficiently apart from the predetermined position ST 
within the detectable range, the tolerance level Is suffi- 
ciently larger than "1". 

[0085] The main body of the photoelectric switch of 
the embodiment includes the threshold-value display 

10 portion 23 and the tolerance- 1 eve! display portion 24 
shown in Fig. 1 , and further includes a position informa- 
tion display portion for displaying position information, 
in stead of the received light amount display portion 22. 
The remaining construction of the embodiment is sub- 

15 stantially equal to that of the photoelectric switch shown 
in any of Figs. 1 to 4. 

[0086] In the embodiment, the PSD 804 corresponds 
to a light receiver, and the LED 801 corresponds to a 
light projector. The tolerance level corresponds to infor- 
20 mation regarding the detection of the object executed 
by the processor; the position signal corresponds to a 
process signal; and the threshold value TH corresponds 
to a reference value. 

[0087] Also in the photoelectric switch of the embod- 
25 iment, a tolerance level is displayed by the tolerance- 
level display portion of the head 800. Therefore, also 
when the main body is located apart from the head 800, 
the operator can adjust a position of the head 800 while 
watching a display by the tolerance-level display portion 
30 of the head 800. Accordingly, the position adjustment of 
the head 800 can accurately and easily be performed 
so that when the object to be detected 900 exists within 
the detectable range of the detection area, the value of 
the tolerance level is sufficiently larger than "1", and that 
35 when the object 900 does not exist within the detectable 
range of the detection area, the value of the tolerance 
level is sufficiently smaller than "1 ". Accordingly, work- 
ability in the position adjustment of the head 800 is im- 
proved. 

40 [0088] Also in the embodiment, the tolerance level 
may be expressed in terms of a ratio of the signal level 
LV of the position signal to the threshold value TH. In 
this case, the tolerance level represents a displacement 
of the object 900 relative to the predetermined position 

45 ST 

[0089] In the embodiment, the photoelectric switch is 
of the separate type which consists of one main body 
and one head. It is evident that the present invention 
may be applied to a photoelectric switch of the type 

50 which consists of one main body and a plurality of 
heads. In this case, each head Is provided with the tol- 
erance-level display portion 12 shown in Fig. 1. 
[0090] Fig. 7 is a perspective view showing an exter- 
nal appearance of a head of a photoelectric switch of 

55 the separate type according to a third embodiment of 
the present invention. The main body of the Fig. 7 pho- 
toelectric switch is substantially the same as that of the 
Fig. 1 photoelectric switch. 
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[0091] In Fig. 7. a tolerance-leve! display portion 12A 
is provided on the top surface of the casing 11 of the 
head la. The tolerance-level display portion 12A con- 
sists of four 7-segment LEDs. and displays a tolerance 
level in terms of a numerical value. 
[0092] Fig. 8 is a block diagram showing an electrical 
arrangement of a photoelectric switch of the separate 
type shown in Fig. 7. The photoelectric switch of Fig. 8 
is different from that of Fig. 2 in that an A/D converter 
121 and a 7-segment display circuit 1 22 are provided in 
the head la, instead of the LED driving circuit 107. In this 
embodiment, the tolerance-level display portion 12A 
corresponds to an indicator; andthe A/D converter 121, 
the 7-segment display circuit 122 and the tolerance-lev- 
el display portion 12A correspond to an operating por- 
tion. 

[0093] A variable voltage VA, which is supplied from 
the variable power supply circuit 204 of the main body 
2 through the cable 31a to the head la, is applied to the 
A/D converter 1 21 . A fixed reference voltage Vref is ap- 
plied from the fixed power supply circuit 106 to the A/D 
converter 121 and the 7-segment display circuit 122. 
The A/D converter 121 converts a variable voltage VA 
into a digital signal representative of a tolerance level, 
and applies the converted one to the 7-segment display 
circuit 122. The 7-segment display circuit 122 causes 
the tolerance-leve! display portion 12A, which consists 
of 7-segment LEDs shown in Fig. 7, to display a toler- 
ance level in numerical value in accordance with the dig- 
ital signal received. 

[0094] In the photoelectric switch of the embodiment, 
a tolerance level calculated by the CPU 201 of the main 
body 2 is transmitted to the head la by the variable volt- 
age VA used as the power voltage to the head la. There- 
fore, there is no need of a signal line for transmitting the 
tolerance level. This results in restriction of the increase 
of the number of the cables caused by the display of the 
tolerance level by the head la. 

[0095] The photoelectric switch of the embodiment 
may include select means by which of the tolerance lev- 
el, the threshold value and the amount of received light, 
two or three items are selectively displayed in the head 

la. 

[0096] Fig. 9 is a block diagram showing an electrical 
arrangement of a photoelectric switch of the separate 
type according to a fourth embodiment of the invention. 
[0097] The photoelectric switch of Fig. 9 is different 
from the Fig, 2 photoelectric switch in that a gain select 
circuit 1 23 is provided in the head 1 b, instead of the LED 
driving circuit 107. In the embodiment, the gain select 
circuit 1 23 and the light receiving circuit 1 05 correspond 
to an operating portion. 

[0098] The CPU 201 of the main body 2 applies a con- 
trol signal DG for selecting a gain of the light receiving 
circuit 105 of the head 1 to the variable power supply 
circuit 204. The variable power supply circuit 204 sup- 
plies a variable voltage VA, which is dependent on the 
control signal DG, through the cable 31 a to the head 1 b. 



The variable voltage VA is also applied to the gain select 
circuit 123. Further, a fixed reference voltage Vref is ap- 
plied from the fixed power supply circuit 106 to the gain 
select circuit 123. The gain select circuit 123 selects a 

5 gain of the light receiving circuit 1 05 in accordance with 
a level of the variable voltage VA. 
[0099] Fig. 1 0 is a circuit diagram showing an electri- 
cal arrangement Including the light receiving circuit 105 
and the gain select circuit 1 23 shown in -Ig. 9. 

10 [0100] The light receiving circuit 105 includes an op- 
erational amplifier 114 resistors R21, R22, R23, a ca- 
pacitor C21 and a switching element SW. The gain se- 
lect circuit 123 includes a comparator 115 and resistors 
R31. R32, R33. 

[0101] A potential at a node N21 between the resis- 
tors R31 and R32 in the gain select circuit 123 varies In 
accordance with a level of the variable voltage VA. The 
comparator 115 compares the potential at the node N21 
with a reference potential of a DC power source E2, and 

20 applies the comparison result as a switch control. signal 
CS to the switching element SW in the light receiving 
circuit 105. The operational amplifier 114, the capacitor 
C21 and the resistors R22 and R23 in the light receiving 
circuit 105 cooperate to form an amplifier circuit. The 

25 switching element SW is turned on or off in response to 
the switch control signal CS output from the gain select 
circuit 123, so that a gain of the amplifier circuit is se- 
lected. Accordingly, a level of the light reception signal 
RS output fonm the light receiving circuit 105 varies. 

30 [01 02] In the photoelectric switch of the embodiment, 
the control signal DG for selecting the gain of the light 
receiving circuit 1 05, which is output from the CPU 201 
of the main body 2, is transmitted to the head 1 b by the 
variable voltage VA used as the power voltage of the 

55 head lb. Therefore, there is no need of the signal line 
for transm.tting the gain-select control signal DG. There- 
fore, the photoelectric switch of the embodiment may 
select the gain of the light receiving circuit 105 in the 
head 1b, from the main body 2 without increasing the 

40 number of the cables. 

[01 03] Fig. 1 1 is a block diagram showing an electrical 
arrangement of a photoelectric switch of the separate 
type according to a fifth embodiment of the present in- 
vention. 

45 [0104] The Fig. 11 photoelectric switch is different 
from the Fig. 2 photoelectric switch In that a light-emit- 
ting amount select circuit 124 is provided in the head 1c, 
instead of the LED driving circuit 107. In the embodi- 
ment, the light-emitting amount select circuit 124, the 

so laser drive circuit 101 and the laser diode 102 corre- 
spond to an operating portion, 

[0105] The CPU 201 of the main body 2 applies a con- 
trol signal DL for selecting the amount of light emitted 
from the laser diode 102 in the head 1c to the variable 
55 power supply circuit 204. The variable power supply cir- 
cuit 204 supplies a variable voltage VA, which is de- 
pendent on the control signal DL, through the cable 31 a 
to the head 1 c. This variable voltage VA is applied to the 
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light-emitting amount select circuit 124. A fixed refer- 
ence voltage Vref is applied from the fixed power supply 
circuit 1 06 to the light-emitting amount select circuit 1 24. 
The light-emitting amount select circuit 124 applies a 
light-emitting amount select signal SL to the laser drive s 
circuit 1 01 in accordance with a level of the variable volt- 
age VA. The laser drive circuit 101 varies a current to 
be supplied to the laser diode 102, in response to the 
light-emitting amount select signal SL incoming from the 
light-emitting amount select circuit 124. io 
[0106] Fig. 12 is a circuit diagram showing an electri- 
cal arrangement including the laser drive circuit 101 and 
the light-emitting amount select circuit 124, which are 
shown in Fig. 11 . 

[0107] As shown in Fig. 12, the laser drive circuit 1 01 is 
includes a comparator 11 7, a transistor 118, a constant 
voltage diode 1 1 9 and resistors R54, R55, R56 and R57. 
The light-emitting amount select circuit 124 includes a 
comparator 116 and resistors R51 , R52 and R53. 
[0108] A potential at a node N31 between the resis- 
tors R51 and R52 in the light-emitting amount select cir- 
cuit 1 24 varies in accordance with a variable voltage VA. 
The comparator 116 compares a potential at the node 
N31 with a reference potential of a DC power source E3, 
and outputs the comparison result as the light-emitting 25 
amount select signal SL to a node N32. The comparator 
1 1 7 of the laser drive circuit 1 01 compares a level of the 
light-emitting amount select signal SL output to the node 
N32 with a potential at a node N33 between the photo 
diode 103 and the resistor R57, and applies its output 30 
signal representative of the comparison result to the 
base of the transistor 118. The emitter current of the 
transistor 118 varies in accordance with a level of the 
output signal of the comparator 117. As a result, the 
amount of the current fed to the laser diode 1 02 varies, 35 
and the amount of light emitted from the laser diode 1 02 
varies. 

[0109] In the photoelectric. switch of the embodiment, 
the control signal DL for selecting the amount of light 
from the laser diode 1 02, which Is output from the CPU 40 
201 of the main body 2, is transmitted to the head 1c 
through the variable voltage VA used as the power volt- 
age of the head 1c. Therefore, there Is no need of using 
a signal line for transmitting the control signal DL. Ac- 
cordingly, the amount of light emitted from the laser di- 
ode 102 of the head 1c can be selected from the main 
body 2 without increasing the number of the cables. 



Claims so 

1 . A separate type photoelectric switch which detects 
an object In a detection area, said separate type 
photoelectric switch comprising: 

55 

a head having a light receiver which receives a 
light from said detection area and outputs a 
light reception signal based on the received 



light; and 

a main body being formed separately from said 
head and having a processor which detects the 
object in said detection area on the basis of the 
light reception signal, 

wherein said head includes an indicator which 
displays information regarding the detection of 
the object executed by said processor. 

2. The separate type photoelectric switch according to 
claim 1 , wherein said processor comprises: 

a generator for producing a process signal 
based on the light reception signal; 
a setting unit for setting a reference value ; and 
a detecting unit for detecting the object In said 
detection area by comparing the process signal 
with the reference value. 

3. The separate type photoelectric switch according to 
claim 2, wherein said processor further comprises 
a calculator which calculates a relative value of the 
process signal to the reference value, and said in- 
dicator displays a tolerance level based on the rel- 
ative value. 

4. The separate type photoelectric switch according to 
claim 3, wherein said main body further comprises 
a display unit for displaying at least one of the proc- 
ess signal, the reference value, and the tolerance 
level. 

5. The separate type photoelectric switch according to 
one of claims 3 and 4, wherein said main body fur- 
ther comprises a power supply circuit which sup- 
plies said head with a power voltage for driving said 
head, the power voltage being a voltage represent- 
ative of the relative value calculated by said calcu- 
lator, and said indicator displays the tolerance level 
on the basis of the voltage supplied from said main 
body. 

6. The separate type photoelectric switch according to 
claim 1 , wherein said main body further comprises 
a power supply circuit which supplies said head with 
a power voltage for driving said head, the power 
voltage being a voltage representative of the Infor- 
mation regarding the detection of the presence of 
the object, and said indicator displays the informa- 
tion on the basis of the voltage supplied from said 
main body. 

7. The separate type photoelectric switch according to 
one of claims 1 to 3, wherein said head further com- 
prises a light projector projecting a light to said de- 
tection area. 

8. The separate type photoelectric switch according to 
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claim 1 , wherein said indicator displays the informa- 
tion in terms of a numerical value. 

9. The separate type photoelectric switch according to 
claim 1 , wherein said separate type photoelectric 
switch is a photoelectric switch of the reflection type 
and said light received from said detection area is 
light reflected from said detection area. 

10. The separate type photoelectric switch according to 
claim 5, further comprising: 

a signal line through which said main body re- 
ceives the light reception signal output from 
said light receiver of said head; and 
a power line through which said power supply 
circuit provides the power voltage to said head. 

11. A separate type photoelectric switch which detects 
an object in a detection area, said separate type 
photoelectric switch comprising; 

a head having a light projector which projects 
a light to said detection area, and a light receiv- 
er which receives the light from said detection 
area and outputs a light reception signal based 
on the received light; 

a main body being formed separately from said 
head and having a processor which detects the 
object in said detection area on the basis of the 
light reception signal; and 
a power supply circuit for supplying said head 
with a power voltage for driving said head, the 
power voltage being a voltage representative 
of information on an operation of said head, 
wherein said head includes an operating por- 
tion for perfomning a predetermined operation 
in accordance with the information represented 
by the voltage supplied from said main body. 

12. The separate type photoelectric switch according to 
claim 11, wherein the information on the operation 
of said head includes information regarding the de- 
tection of the presence of said object executed by 
said processor, and said operating portion Includes 
ah indicator displaying the information on the basis 
of the voltage supplied from said main body. 

13. The separate type photoelectric switch according to 
claim 12, wherein said indicator displays the infor- 
mation in terms of a numerical value. 

1 4. The separate type photoelectric switch according to 
claim 11, wherein the information on the operation 
of said head includes information on the gain of said 
light receiver, and said operating portion includes a 
gain select unit for changing the gain of said light 
receiver on the basis of the voltage supplied from 



said main body. 

15. The separate type photoelectric switch according to 
claim 11 , wherein the infomiation on the operation 

5 of said head includes Information on the amount of 
light emitted by said light projector, and said oper- 
ating portion includes a light-emitting amount select 
unit for changing the light emitting amount emitted 
by said light projector on the basis of the voltage 

10 supplied from said main body. 

1 6. The separate type photoelectric switch according to 
claim 11 , wherein said separate type photoelectric 
switch is a photoelectric switch of a reflection type 

15 and said light received from the detection area is 
light reflected from said detection area. 

1 7. The separate type photoelectric switch according to 
claim 1 1 , further comprising: 

20 

a signal line through which said main body re- 
ceives the light reception signal output from 
said light receiver of said head; and 
a power line through which said power supply 
^5 circuit provides the power voltage to said head. 

18. A separate type photoelectric switch which detects 
an object in a detection area, said separate type 
photoelectric switch comprising: 

30 

light receiving means for receiving light from 
said detection area and outputting a light recep- 
tion signal based on the received light; and 
processing means separate from said light re- 
35 ceiving means for detecting the object In said 

detection area on the basis of the light recep- 
tion signal, 

wherein said light receiving means includes an 
indicating means for displaying Information re- 
40 garding the detection of the object executed by 

said processing means. 

1 9. The separate type photoelectric switch according to 
claim 1 8, wherein said processing means comprls- 

45 es: 

a generator means for producing a process sig- 
nal based on the light reception signal; 
a setting means for setting a reference value; 
50 and 

a detecting means for detecting an object in 
said detection area by comparing the process 
signal with the reference value. 

55 20. The separate type photoelectric switch according to 
claim 19, wherein said processing means further 
comprises a calculating means for calculating a rel- 
ative value of the process signal to the reference 
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value, and said indicating means displays a toler- 
ance level based on the relative value. 

21. The separate type photoelectric switch according to 
claim 20, wherein said processing means further 5 
comprises a display means for displaying at least 
one of the process signaL the reference value, and 

. the tolerance level. 

22. The separate type photoelectric switch according to io 
one of claims 20 and 21 , wherein said processing 
means further comprises a power supply means for 
supplying said light receiving means with a power 
voltage for driving said light receiving means, the 
power voltage being a voltage representative of the is 
relative value calculated by said calculating means, 
and said indicating means displays the tolerance 
level on the basis of the voltage supplied from said 
processing means. 

20 

23. The separate type photoelectric switch according to 
claim 18, wherein said processing means further 
comprises a power supply means which supplies 
said light receiving means with a power voltage for 
driving said light receiving means, the power volt- 25 
age being a voltage representative of the informa- 
tion regarding the detection of the presence of the 
object, and said indicating means displays the In- 
formation on the basis of the voltage supplied from 
said processing means. 30 

24. The separate type photoelectric switch according to 
one of claims 18-20, wherein said light receiving 
means further comprises a light projecting means 

for projecting a light to said detection area. 35 

25. Theseparatetype photoelectric switch according to 
claim 18, wherein said indicating means displays 
the information in terms of a numerical value. 

40 

26. Theseparatetype photoelectric switch according to 
claim 18, wherein said separate type photoelectric 
switch Is a photoelectric switch of a reflection type 
and said light received from said detection area is 
light reflected from said detection area. ^5 

27. The separate type photoelectric switch according to 
claim 22, further comprising: 

a signal line through which said processing so 
means receives the light reception signal out- 
put from said light receiving means; and 
a power line through which said power supply 
means provides the power voltage to said light 
receiving means. ss 

28. A separate type photoelectric switch which detects 
an object in a detection area, said separate type 



photoelectric switch comprising: 

a head having a light projecting means for pro- 
jecting a light to said detection area, and a light 
receiving means for receiving the light from said 
detection area and outputting a light reception 
signal based on the received light; 
a main body being formed separately from said 
head and having a processing m sans which de- 
tects the object In said detection area on the 
basis of the light reception signal; and 
a power supply means for supplying said head 
with a power voltage for driving said head, the 
power voltage being a voltage representative 
of Information on an operation of said head; and 
wherein said head includes an operating 
means for perfonning a predetermined opera- 
tion in accordance with the Infonnation repre- 
sented by the voltage supplied from said main 
body. 

29. The separate type photoelectric switch according to 
claim 28, wherein the information on the operation 
of said head Includes information regarding the de- 
tection of the presence of said object executed by 
said processing means, and said operating means 
includes an indicating means for displaying the in- 
formation on the basis of the voltage supplied from 
said main body. 

30. The separate type photoelectric switch according to 
claim 29, wherein said indicating means displays 
the information In terms of a numerical value. 

31 . The separate type photoelectric switch according to 
claim. 28, wherein the infonriatipn on the operation 
of said head includes information on the gain of said 
light receiving means, and said operating means in- 
cludes a gain select unit for changing the gain of 
said light receiving means on the basis of the volt- 
age supplied from said main body. 

32. The separate type photoelectric switch according to 
claim 28, wherein the information on the operation 
of said head includes information on the amount of 
light emitted by said light projecting means, and 
said operating means includes a light emitting 
amount select unit for changing the light emitting 
amount emitted by said light projecting means on 
the basis of the voltage supplied from said main 
body. 

33. The separate type photoelectric switch according to 
claim 28, wherein said separate type photoelectric 
switch is a photoelectric switch of the reflection type 
and said light received from the detection area is 
light reflected from said detection area. 
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34. The separate type photoelectric switch according to 
claim 28, further comprising: 

a signal line through which said main body re- 
ceives the light reception signal output from 5 
said light receiving means of said head; and 
a power line through which said power supply 
means provides the power voltage to said 
head. 
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1. claims: 1-10,18-27 

A separate type photoelectric switch which detects an object 
in a detection area comprising a head with a light receiver 
and which outputs a light reception signal based on the 
received signal and a main body with a processor which 
detects the object based on the light reception signal. 

Additionally invention 1 defines: 



2. claims: 11-17,28-34 

A separate type photoelectric switch which detects an object 
in a detection area comprising a head with a light receiver 
and which outputs a light reception signal based on the 
received signal and a main body with a processor which 
detects the object based on the light reception signal. 



Additionally invention 2 defines: 



- a head containing also a light projector 

- a power supply circuit for supplying the head with power 
voltage 

- the power voltage being representative of information on 
an operation of the head 

- an operating portion in the head performing a 



an indicator which displays information regarding 
the detection of the object executed by the processor 



predetermined operation in accordance 



with information represented by the voltage 
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